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Heavy Stable Charged Particles can be searched for with the CMS experiment. Such particles can
be distinguished by Standard Model particles exploiting their unique signature: a high momentum
particle of the order of a hundred GeV with a low relativistic β value. In this talk two models predicting
different types of Heavy Stable Charged Particles are described and used as benchmark models for the
search analysis strategy. Two techniques to measure β using the silicon tracker and the drift tubes
in the muon detector are used in the proposed analysis. The reach for different models in 100 pb−1
integrated luminosity is shown.
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1 Introduction
Many beyond standard models suggest the existence of a heavy stable charged particle (HSCP) like, staus in the
Gauge Mediated Supersymmetry Breaking (GMSB) model [1], gluinos in the split supersymmetry model [2],
Kaluza-Klein (KK) leptons in the Minimal Universal Extra Dimension (MUED) model [3], and stops in the Mini-
mum Standard Supersymmetry Model (MSSM) [4].
In Gauge Mediated SUSY-breaking (GMSB) [1], the MSSM is embedded in a 5-dimensional compacting brane
world setup. The gravitino is very light (mG < 1 keV) and hence the Lightest Stable Particle (LSP) for any relevant
choice of parameters. Due to the weak gravitational coupling, there’s a large parameter space for a long-lived stau
(τ˜1) in GMSB. Production of the stau can proceed directly via a virtual photon or Z or via production of heavier
supersymmetric particles.
In Split SUSY [2], all the SUSY scalar particles have very large masses, while only the gaugino and the higgsino
masses are relatively much lighter and still around the weak scale. The most distinct feature of the theory is that
the gluino becomes stable because all the sfermions are very heavy and gluinos can only decay to the LSP via a
virtual sfermion. Split SUSY gluino production at the LHC depends only on the gluino mass and is dominated by
the g + g → g˜ + g˜ process.
The possibility of an absolutely stable HSCP is constrained by cosmological considerations. Long-lived particles
with a lifetime τ larger than few ns can be constrained by direct searches using particle accelerators. So by stable
in this paper, we refer to lifetimes long enough to escape the detector before decaying.
2 Methods to Detect HSCPs at CMS
As seen from the previous discussion, there’re mainly two categories of HSCPs among these beyond standard
models: lepton-like (e.g. stau in mGMSB) and hadron-like (e.g. gluino in Split SUSY).
Hadron-like HSCPs may undergo hadronization to form “R-hadrons” by picking up standard model partons. Sev-
eral different theoretical models [5] of R-hadron interaction are shown in Fig. 1. We see although different models
predict different energy loss for the R-hadron, the value is always around a few GeV energy per hadronic inter-
action. The physics behind it is the heavy parton (gluino or stop) acts only as a spectator, only behaving as a
reservoir of kinetic energy. This indicates we won’t expect a large shower in the calorimeters. But the SM part of
the R-hadron does interact, which makes the conversion to another species of R-hadron possible. This conversion
may change the charge of the R-hadron, e.g. it may become neutral.
Lepton-like HSCPs don’t have hadronic interactions and behave just like slow moving heavy muons.
Figure 1: Predictions from four phenomenological models of expected hadronic energy loss per interaction as a
function of the Lorentz factor γ. Also shown is the ionization energy loss corresponding to the passage of an
R-hadron with charge±e through 18 cm of iron.
In principle, it’s straight forward to identify HSCPs at CMS. As p = βγmc, and the momentum can be measured
with the tracker and/or with the muon system at CMS, measuring β makes it possible to find a mass hypothesis
for a particle. If the mass measured is much heavier than standard model stable particles, a heavy stable charged
particle candidate has been found. There are currently two methods to measure β in the CMS detector. One is
to use the dE/dx information from the CMS silicon tracker, and the other is to use the Time of Flight (TOF)
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information from the Drift Tubes (DT) of the muon system.
3 Full Simulation Study at CMS
We show here results for two benchmark models we considered: stau and gluino. Table 1 lists the expected cross
sections and masses of the HSCPs we use. All HSCPs are simulated in pair production modes.
Table 1: HSCP models used and their expected cross sections.
Theoretical Model Expected Cross Section (pb)
mGMSB stau (152 GeV) 1.18
Split SUSY gluino (100 GeV) 56× 103
Split SUSY gluino (300 GeV) 280
Split SUSY gluino (600 GeV) 5
The backgrounds we use are: QCD b jets, single W, ttbar and Drell-Yan events. No pile-up is included as we aim
mainly at the low luminosity running.
The muon trigger is used as it can be fired by the HSCP itself. This approach has the advantage of being model
independent. The main limitation of the muon trigger for slow particles is that a minimum velocity of β >0.6 is
required in order to have the event be assigned to the correct LHC bunch crossing. If the event is assigned to the
wrong bunch crossing the event may fail the higher level trigger and get lost. Nevertheless, our simulation shows
a high fraction of events are expected to have β > 0.6. The charge flipping effect of R-hadrons may add some
additional inefficiency in the trigger process, so a full detector simulation of HSCPs is performed, using Geant4
and routines for R-hadron hadronic interactions [6]. With some conservative assumptions, a 15% trigger efficiency
can be obtained at CMS for gluinos with m = 600 GeV, and an 85% trigger efficiency for staus.
As we use the muon trigger, the main backgrounds are expected to be Standard Model events with muons. At
CMS, by combining dE/dx and time of flight information, it is possible to measure the velocity with a few %
precision and almost completely separate the signal and backgrounds. The optimal region for mass measurements
is 0.6 < β < 0.8, where the measurement is less biased and with a better resolution. The corresponding mass
distributions are shown in Fig. 2 for signals we consider.
Figure 2: Mass distributions for gluinos with mass 100 GeV, 300 GeV, 600 GeV and staus with mass 152 GeV,
measured by combining DT and Tracker β measurements. The corresponding integrated luminosities are also
shown.
4 Conclusions
Searches for HSCPs could be among the very first analyses that CMS will perform. HSCPs have distinctive
signatures inside the CMS detector. The expected theoretical cross sections are also very high. Therefore, the
HSCP detection at CMS has relatively simple experimental challenges. In this talk, we report the upper limits
on cross sections of order 10 pb for HSCP pair production with masses of order 100∼600 GeV are possible to
achieve with 100 pb−1 integrated luminosity. CMS is currently refining experimental techniques and analysis
3
strategies. Muon triggers, dE/dx, and Time-of-flight measurements are already shown to be promising. The
use of calorimetric information and other triggers like JETMET are also under investigation. For the most recent
progress, please refer to Ref. [7].
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